Abstract. The purpose of this study is to extract natural hydroxyapatite (HAP) from cow bone. The hydrothermal method followed by calcination treatment at different temperatures is used in this current research. Cow bone has the potential for producing hydroxyapatite, a chief component present in bone and teeth of vertebrates. HAP is an excellent material used in bone restoration and tissue regeneration. Characterizations of the cow bone natural HAP powder were done by X-ray diffraction (XRD) and Thermogravimetric analysis (TGA). TGA data revealed that biological apatite is thermally stable at 1100ºC. XRD data showed that the extracted HAP is, highly crystalline and hexagonal crystal structure having a crystallite size in the range of 10-83 nm. The extracted HAP material is found to be thermally stable up to 1300ºC.
conventional chemical methods produced HAP without a trace of valuable elements. While extraction of HAP from some biogenic sources is biologically safe and economic [25] .
The extracted HAP is non-stoichiometric in nature because of occurrence of trace amount of beneficial ions in natural resources like cations (Na + 2- ) [26] . Recently, to avoid the complicated procedures involved in the synthesis of HAP and produce biologically worthy HAP, heat treatment (calcinations) has fascinated the attention of scientists to extract natural HAP from bio-wastes [23, 27] . Barakat et al [1] suggested three methodologies to obtain bio-HAP from bovine bone. From the previous research, there are only a few investigations that have been done on this extraction methodology as well as physiochemical studies at different calcination temperatures. In this study, the cow bone, readily accessible in nature, was used to extract HAP by hydrothermal followed by calcination at different temperatures because of its quantity (>60 wt%), quality (purity > 95%) and cost effectiveness [23, 28] . The aim of this research is the extraction of nanocrystalline hydroxyapatite powders by hydrothermal followed by calcination treatment also a comparison among the physicochemical properties of HAP extracted from cow bone at different calcination temperature. Through this extraction method, organic components in bones can be thermally decomposed and removed. Every single genome sign of disease can be removed and thus provides high biological safety factors [29] .
Materials
The fresh cortical bone of adult cow (~2-3 years old) was used as a raw material and purchased from local market of Malaysia (Parit Raja).
Bone Preparations
Bones were cleaned with water and soft parts inside the bones were detached from compact part manually by a stiletto. Then the bones were cut into small fragments using the cutter. The bones were boiled with water for 2 to 3 hours. Subsequently, the fluids in bone marrow and residual soft material were removed with a knife and washed with distilled water numerous times. After that, the bone pieces were subjected to heat treatment without the use of any solvents to remove the fractional fat/proteins. The cleaned bone pieces were sterilized in an autoclave using distilled water for 60 minutes at a high pressure of 0.4 MPa and at temperature 129 ºC. The bone pieces were again washed with distilled water and removed attached debris and soft tissues. Finally, the bone pieces were dehydrated in an oven at 80 ºC for 72 h (3-days) to denaturalize the protein. The bone fragments were dried in an oven at 80ºC for 72 hours (3-days) to denaturalize the protein. After that, dry fragments of bone were abridged to small particles by means of the crusher. The crushed bone was subjected to ball milling process for 24 hours until the powder was fine enough. Bone powder was obtained by sieving. The particle size of the powdered bone sample used in this study was 25μm.
Calcination
Pure HAP (inorganic phase of the bone) free from fat and protein was achieved by calcination. The powder samples of HAP were calcined in a furnace (Carbolite) at 600ºC, 700ºC, 800ºC, 900ºC, 1000ºC and 1100ºC, which named as HAP-600, HAP-700, HAP-800, HAP-900, HAP-1000, and HAP-1100 respectively with 3 hours holding time at a heating and cooling rate of 5 ºC/min. HAP was produced by the decomposition of the organic phase. These temperatures were designated after a Thermo gravimetric analysis (TGA). The entire bone powder samples were cooled inside the furnace.
Characterizations
The characterizations of HAP before and after calcination were performed using XRD and TGA. TGA analysis was accomplished to assess the thermal stability of the extracted HAP material. The existence of HAP phase, crystallinity percentage, the crystallite quality and crystallite size in Key Engineering Materials Vol. 796powders samples were investigated by using the X-ray diffraction (XRD) (Shimadzu XRD 6000 diffractometer) using Cu-Ka (λ= 0.154 nm) as the radiation source. The spectra of XRD are recorded at 2 θ = 10˚ to 80˚ at a scanning speed 1˚/min and step size at 0.02˚. The XRD peaks were matched with standard reference ICDD (The International Centre for Diffraction Data) file no. 00-009-0432, which provides information in the 2θ range of 10.820-78.229°. The Scherrer equation is used to calculate the crystallite size [30] .
Where, d is the crystallite diameter in ˚A, λ is the wavelength in ˚A, k is the shape constant (∼0.9), ø is the Bragg angle in degrees and ß is the observed peak width at half-maximum peak height in radian. The fraction of the crystalline phase (Xc) of the HAP powders extracted at different temperatures was calculated by the following equation [31] ;
X C =1-(v 112/ 300 ) /I300
Where, V112/300 is the intensity of the hollow between (112) and (300) and I 300 is the intensity of (300) diffraction peak.
Result and Discussion

TGA analysis
TGA analysis of the raw HAP sample carried out from 25°C to1300 °C. Heating and cooling rate of 5 °C/minute were used. The weight of the sample used was 40.2 mg at 25°C and 28.23 mg at the final temperature, which corresponds to a 29.77% total weight loss as shown in Fig. 1 . The TGA result displays two stages of weight loss that happened for the duration of the heating process. The initial weight loss of 3.8 wt% is observed from 25 °C to 140 °C due to the elimination of absorbed water in the raw HAP sample. The next weight loss of almost 24.57wt% happened from 141 °C to 563.38 °C and was accredited to the decomposition of organic constituents in the raw HAP sample. The minor weight loss detected from 563 °C to1300 °C is not important, thus representing that all of the organic constituents existing in the raw HAP were totally eliminated and the residual material was only HAP phase as confirmed from the XRD investigation. Previous literature showed that biological HAP extracted from bovine bone is thermally stable up to 1000 °C and above this temperature, decomposition of HAP started and CaO was formed [23] . This research showed that HAP extracted from cow bone was highly crystalline and thermally stable up to 48 Advances on Manufacturing and Material Sciences II 1100 °C as confirmed by the TGA analysis. Moreover, very slight weight loss was detected above 800 °C which could be owing to the incomplete dehydroxylation of HAP.
XRD analysis
X-ray diffraction diffractogram of the cow bone extracted nanocrystalline HAP powder calcined at 600 to 1100 °C is presented in Fig. 2 . Phase analysis revealed that all major peaks of HAP were present in the samples extracted at different temperatures. It was documented that the calcination process enhanced the crystallinity of HAP phase with no secondary phase formation when calcined between 600 ºC and 1100 ºC. Crystallinity degree and crystal size increased when calcination temperature increased from 600°C to 1100°C as reported in the literature [32] . The prominent diffraction peaks at 2θ values of 25.8°, 28.9°, 31.8°, 32.8° and 34.0° analogous to the (002), (210), (211), (300) and (202) Miller indices for HAP extracted at deferent temperatures. Existence of these sharp peaks recommends that nano-crystallites of HAP were produced. The crystallite size, (d) of the HAP was calculated using, Scherrer's equation. Table 1 shows the crystallite size, degree of crystallinity % and degree of crystallinity for the peak (211) and (300). 
Conclusion
This study showed that hydrothermal followed by calcination treatment produced HAP with improved crystallinity than both the subcritical and alkaline treatments. The study confirms that HAP is able to be extracted from cow bone wastes. So, cow bone wastes have great potential to be used in extracting the HAP Extracted HAP is A and B type carbonated. XRD data showed that the extracted HAP is phase pure, high crystalline and hexagonal crystal structure having a crystallite size in the range of 10-83 nm. Crystallinity increase with increasing calcination temperature which would be fruitful for mechanical and biological properties of the implant material in future. The methods involved hydrothermal followed by calcination of cow bone powder at a different temperature to remove its organic components thus the produced HAP which is suitable for the use in orthopedic and dental applications. The HAP extraction methodology is simple, low cost, decrease the pollution effect of the waste and subsequently conversion of the waste into an extremely valuable product.
